Introduction
Human immunodeficiency virus type 2 (HIV-2), the second retrovirus discovered to cause immunodeficiency in humans, was first isolated from a West African patient with AIDS (Clavel et al., 1986) . The virus is most prevalent in West Africa (Wilkins et al., 1993) but spread throughout Africa and the rest of the world is occurring (Braun et al., 1990; Grez et al., 1994) . Development of an effective vaccine to prevent HIV-related AIDS will require the inclusion of epitopes from both HIV-1 and -2, particularly as dual infection has been described (Grez et al., 1994) suggesting limited heterotypic immunity despite in vitro evidence of cross-neutralizing antibodies (Weiss et al., 1988; Bottiger et al., 1990) .
HIV-2 infection, like HIV-1 infection (Weiss et al., 1985; Ranki et al., 1987) , results in the production of neutralizing antibody predominantly directed against domains within the envelope glycoprotein. Mapping of the neutralization-sensitive domains in HIV-2 glycoprotein has produced conflicting results. Three reports * Author for correspondence. Fax +44 81 906 4477. e-mail r-daniel@nimr.mrc.ac.uk (Bottiger et al., 1990; Bjorling et al., 1991 Bjorling et al., , 1994 have identified the homologue of the V3 loop, the principle neutralizing domain in HIV-I (Javaherian et al., 1989) , as a target for neutralizing and, in one study (Bottiger et al., 1990) , cross-neutralizing antibody. However, another group (Robert-Guroff et al., 1992) found no binding of cross-neutralizing antibody to the V3 loops of several strains of HIV-2. Analyses performed in the present study support the latter finding. We have sequenced fulllength env genes from ten tissue-culture-adapted isolates, six from Guinea Bissau (Tristem et al., 1989) and four from The Gambia (Schulz et al., 1990) . Comparison of the putative translation products from neutralizationsensitive and -resistant isolates has identified epitopes which may be targets for cross-neutralization. The V3 loop was not selected by the analyses performed. Immunologically (Robert-Guroff et al., 1992) and genetically ) HIV-2 is more closely related to certain of the simian immunodeficiency viruses, SIVs~ and SIVMAe which cause immunodeficiency in macaque and sooty mangabey monkeys, than to HIV-I. The HIV-2b subtype currently contains three viruses, HIV-2D205/ALr (Kreutz et al., 1992) , HIV-2~n 2 (Kawamura et al., 1992) and HIV-2vc 1 (Barnett et al., 1993) and is phylogenetically closer to HIV-1 and SIVAQ M than to the HIV-2a subtype and the SIVsMmA c group. Viruses indistinguishable from SIVsMmA c have been identified in asymptomatic HIV-2 seropositive Liberian rural workers (Gao et al., 1992) and sequencing studies of env and gag genes have led to the proposal of at least five HIV-2 subtypes (A-E, Sharp et al., 1994) . For HIV-1, geographical clustering of strains has been described in relation to the V3 loop (Cheingsong-Popov et al., 1992) . Whether such clustering occurs for HIV-2 in relation to the V3 loop or other parts of the envelope glycoprotein is not known and has been difficult to evaluate with the paucity of sequences available. We examined, by phylogenetic analysis, the ten HIV-2 env genes sequenced by us, together with HIV-2 and SIV env gene sequences in the database (Myers et al., 1993) . This led to detection of at least three genotypes within the HIV-2a subtype and some geographical clustering was seen within genotypes.
Methods
Cellular DNA preparation. Infected cell cultures expressing the CAM (Tristem et al., 1989) and CBL (Schulz et al., 1990) isolates of HIV-2 were provided by A. Karpas and R. A. Weiss respectively. DNA was prepared by an SDS lysis, proteinase K digestion procedure (50 °C/1 h) followed by phenol-chloroform extraction, digestion with ribonuclease A (20 ~tg/ml, 37 °C/30 min), a further phenol-chloroform extraction and ethanol precipitation. The DNA pellets were resuspended in water to a concentration of 200 lag/ml.
Isolation ofenv genes. Amplification of env genes from 400 ng DNA was performed in 100 lal reaction mixtures containing 10 mM-Tris pH 8.8, 1.5 mM-MgC12, 50 mM-KC1, 250 IXM each dNTP, 50 Ixg/ml Carageenan (Sigma), 0.1 laM each forward and reverse primer (see Table 1 ) and 5 units Amplitaq (Cetus) on a Cambio Mk2 Intelligent Heating Block. Reactions were cycled 1 × (95 °C/3 min, 45 °C/I min, 70 °C/5 min), 34 × (95 °C/1 min, 45 °C/1 min, 70 °C/5 rain), 1 x(45°C/1 min, 70°C/15min). Full length env gene products (~ 2.8 kb) were isolated from 0.8% agarose gels using Millipore 0.45 pM filter units (catalogue no. UFC30HV00) according to the manufacturer's instructions. These products were subjected to a further round of amplification with the same primers and the nested primer pair (see Table 1 ) to generate sufficient DNA for sequencing and cloning respectively. Reaction conditions were the same as the first round of PCR except that ~ 100 ng first round product was used, annealing was performed at 50 °C and a total of 15 cycles were used. The env genes were purified as above for sequencing and cloning.
Sequencing and cloning of PCR products. Direct sequencing of the PCR products was performed to determine the predominant species in culture and minimize the effect of Amplitaq errors. The sequencing was performed using a panel of oligodeoxynucleotide primers (see Table 1 ) and the Sequenase version 2.0 kit (USB) with modifications to the manufacturer's instructions: 100 ng NaOH-denatured template was used per 0.3 pmol primer with 0.4 ixl labelling nucleotide mix and 2.5 ~tCi [c~-8~P]dATP (Amersham).
The env genes were also cloned into the KpnI site ofpUC19 to enable sequencing of any areas which were unresolved by direct sequencing. Clones containing insert of the expected length (~ 2.7 kb) were sequenced with the Sequenase kit according to the manufacturer's instructions using 1 ~tg NaOH-denatured plasrnid and [a-35S]dATP (Amersham).
The ten new env gene sequences have been deposited with GenBank (CBL 21, 22, 23, 24; CAM 2, 3, 4, 5, 6 , 1 : accession numbers U05350 to U05359 respectively).
Analysis of sequence data. The GCG sequence analysis package (Devereux et al., 1984) was used to make pairwise alignments of the ten new HIV-2 env genes and their translation products. Percentage identities and similarities were calculated using the program GAP within this package. For peptide comparisons, identity related to perfect amino acid matches and similarity was calculated using a PAM250 matrix. The ten gene-translation products were aligned, either separately or in combination with those of HIV-2, SIV and HIV-1 reported in the Los Alamos database (Myers et al., 1993) , using CLUSTAL V (Higgins & Sharp, 1988 ) with a PAM 250 matrix, window size 4, floating and fixed gap penalties 10. For phylogenetic purposes, their nucleotide sequences were then aligned on the basis of these protein alignments. Variable loops, as defined for HIV-1 (Modrow et al., 1987) , were cut out as were positions in the alignment where gaps had been introduced. Phylogenetic analysis was performed by the maximum likelihood method using the program DNAML of the PHYLIP 3.4 package (Felsenstein, 1988) . Analysis of a shorter conserved region corresponding to the N-terminal portion of gp41 was performed to enable direct comparison with previously published phylogenetic trees of HIV-2 sequences (Gao et al., 1992) .
Results
env genes were amplified most efficiently using primer pairings of H2F3/H2R3 (CAM 1 to 6), H2F2/H2R1 (CBL 21, 22, 24) and H2F3/H2R1 (CBL23) ( Table 1) . Full length direct sequencing was achieved for all but CAM isolates 1, 2, 3 and 5. To establish a consensus sequence across unresolved regions, at least five pUC19 clones for each of these CAM isolates were sequenced. Pairwise alignment of env genes from individual HIV-2 isolates was performed and percentage identities calculated after dividing the number of nucleotide matches by the total length of the alignment. This method was employed as sequences of similar length with defined start and stop codons, which encoded proteins with the same functional constraints, were being aligned. The env genes were at least 10 % different from each other ( Table  2 ), confirming that contamination during culture and PCR amplification had not occurred. The sequences were most closely related to the majority of HIV-2s, represented by ROD, with none of them falling into the HIV-2b subtype represented by D205/ALT ( Table 2) . The translation products of the ten env genes showed 77.2-85.3 % identity (Table 2 ) and are presented in Fig.  1 . Three of the Gambian isolates, CBL 21, 22 and 23 (all adapted to growth in H9 cells), were terminated just prior to the hydrophilic cytoplasmic tail (Fig. 1) resulting in the loss of up to 130 amino acids, which would explain the smaller bands than expected obtained on Western blotting of the transmembrane proteins of these isolates (Schulz et al., 1990) . This resulted from the introduction of premature stop codons at positions normally coding for Trp, in the vicinity of the tat splice-acceptor junction. The region 3' to this was not resolvable by direct sequencing for the Guinea Bissau isolate CAM2. Subsequent sequencing of five pUC19-env clones for this isolate showed all to contain an in-frame deletion of 54 nucleotides compared with the published sequence, derived from a single clone (Tristem et al., 1991) , resulting in the loss of 18 amino acids (Fig. 1) . This largely accounts for the low identity scores between CAM2 and CAM2c (Table 2) which become 98"9 % and 97"8 % for nucleotide and protein respectively when the deleted 54 nucleotides were included in the CAM2 sequence. The translation products of both HIV-2cAM~ env gene sequences contain 28 potential Asn-linked glycosylation sites in identical positions. The other nine glycoprotein sequences presented here contain between 25 and 30 such sites of which 15 are conserved, 12 in gpl20 and 3 in gp41 (Fig. 1) .
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HIV-2cBL22 was shown to be sensitive to neutralization by antisera to HIV-1 and HIV-2 whilst isolates HIV-21sv, HIV-2cB~21, HIV-2cBL~ 3 and HIV-2Ro D were neutralization-resistant (Weiss et al., 1988; Schuh et al., 1990) . To determine which epitopes in HIV-2cBL22 might be responsible for this difference, the entire glycoprotein sequences of all five HIV-2 strains were aligned and eight peptides identified in the HIV-2cBL22 sequence which contained clusters of amino acid substitutions compared to the alignment consensus sequence. These correspond to regions 170-193 (the amino terminus of V2), 217-234 (the amino terminus of C2), 329-358 (the carboxyterminal half of V3), 380-404 (the amino terminus of C3), 432-470 (the CD4-binding domain), 512-528 (the carboxy terminus of gpl20), 628459 (the glycosylated domain of gp41) and 747 764 [the HIV-2 equivalent of the HIV-1 Kennedy epitope (Kennedy et al., 1986) ] of the consensus sequence in Fig. 1 . Peptides encompassing these sequences, for all five HIV-2 strains, were aligned against the corresponding peptides in HIV-1LAI, HIV-1 r~F and HIV-1MN glycoproteins in a pairwise manner. Of five peptides derived from showed the highest percentage similarity whilst three (432-470, 628-659 and 747-764) had the highest percentage identity. The alignments of the five peptide regions are shown in Fig. 2 . Four of the peptides contain potential Asn-linked glycosylation sites and for two of these, 170-193 and 380404, HIV-2cBL22 contains one less site than the other four HIV-2 isolates in the alignment.
env genes of HIV and SIV are assumed to be related ancestrally. Specimen sequences from HIV-1 subtypes (A, B and D) , HIV-2 subtypes (a and b) and SIV from chimpanzee, African green and macaque/sooty mangabey monkeys were analysed, as described in Methods, to determine virus groupings and allow confirmation of the direction of evolution. The tree was based on 1842 nucleotides for each of 25 sequences and gave branching patterns comparable to those generated by the neighbour-joining method for gag/pol (Myers et al., 1992) and env (Kreutz et al., 1992) genes. In agreement with the previous publications, infection of man with HIV-2a and b subtypes appears to have occurred as independent events. Fig. 3 shows that all ten new HIV-2 sequences segregate phylogenetically with the HIV-2a subtype . The doubling of the number of fulllength env gene sequences in the HIV-2a subtype allowed the identification of possible genotypes as has been proposed for HIV-1 (Louwagie et al., 1993) . Three main genotypes, I-III, were identified and the HIV-2cAM4 sequence was unassigned (Fig. 3 a) . The genotypes I-III were well-defined in a number of phylogenetic analyses (see Discussion). In the analysis giving rise to Fig. 3 (a) , the lengths of the branches defining the three genotypes are all significantly greater than zero, according to the approximate statistical test embodied in the DNAML software (Felsenstein, 1988) , although we note recent work which indicates that this test is not a reliable test of the accuracy of the estimated tree (Yang, 1994) .
Some geographical clustering of isolates within the genotypes was evident with genotype I comprised predominantly of Guinea Bissau isolates and genotype II of Gambian isolates whilst genotype III was more diverse. To compare these results with previously published HIV-2 trees (Gao et al., 1992) , the nucleotide sequences corresponding to the amino-terminal ends of gp41 s were analysed (Fig. 3 b) . Whilst the three genotypes remained largely intact three viruses, CBL23, CAM4 and BEN, changed their positions (compare Fig. 3 a with 3 b) . We consider the tree presented in Fig. 3 (a) to be better than that in Fig. 3 (b) as longer sequences encompassing less highly conserved domains were used in its generation.
The average intra-genotype phylogenetic distance (9.0-10.4%) is less than the average inter-genotype distance (11.4-12.8 % ; Fig. 4 ).
Discussion
HIV isolates have been shown to consist of mixtures of closely related genomes termed quasispecies and in vitro culture results in amplification of a limited subset of the genomes, presumably those best suited to growth in the host cells and conditions supplied (Meyerhans et aI., 1989) . The biological and immunological characteristics of a virus population are likely to be conferred by the majority species and this has been determined at the genetic level by analysis of multiple clones derived from the population (Meyerhans et aL, 1989) or direct sequencing of PCR products derived from numerous single copy template molecules (Simmonds et al., 1990) to generate a consensus sequence. Taq mutations have been reported to occur at a frequency as high as 1 in 400 bases (Saiki et al., 1988) but the probability of detecting such mutations can be reduced to 1 in 5000 bases by direct sequencing of PCR products (Innis et al., 1988) . The latter approach has been used successfully to screen for azidothymidine-resistance mutations in clinical samples (Wahlberg et al., 1992) . In our study, direct sequencing of PCR products encompassing the env gene was achieved for six HIV-2 isolates, four HIV-2c~ L and two HIV-2cAM, whilst the remaining four HIV-2cA M isolates (1, 2, 3, 5; Fig. 1 ) yielded ambiguous sequence in at least one region corresponding to the signal peptide domain, the V1/V2 or V4 domains of gpl20 and the cytoplasmic tail of gp41. This may reflect the lower degree of biological cloning for the HIV-2cA M isolates which had undergone less in vitro culture than the HIV2cm" isolates.
The biological significance of truncation of the transmembrane protein, such as occurred in HIV-2CBL21, CBL22 and CBL23, is not fully understood. However, it has been reported for SIV cultured in human cells (Hirsch et al., 1989) and for HIV-2 grown in CEM (Clavel et al., 1986) , HUT78 (Franchini et al., 1988) and SupT1 cells (Mulligan et al., 1992) but not previously for HIV-2 adapted to growth in H9 cells. The phenomenon is much rarer for HIV-1 isolates, there being one report to date of an isolate which shows growth restriction to TALL-1 cells (Shimizu et al., 1992) . HIV-2cBL24 was shown to possess a full-length glycoprotein (Fig. 1) and demonstrated restricted growth on human cell lines, being isolated in Molt 4/8 cells, but not in CEM, C8166 and U937 cells (Schulz et al., 1990) . The permissive quality of Molt 4/8 cells for the growth of immunodeficiency viruses retaining full-length glycoprotein has been shown for SIVAa.~ (Werner et al., 1990) . With regard to the HIV-2cA M isolates, none demonstrated glycoprotein truncation but the in-frame deletion of 54 nucleotides from the HIVcA~2 sequence resulting in the loss of 18 amino acids (Fig. 1) may also represent an adaptation to the cell line in which it was isolated.
Neutralization-sensitive domains on HIV-2 glycoproteins
Immunodominant epitopes tend to be more variable in their amino acid sequence as they mutate to escape antibody and sequence comparison has been used to predict potential targets for neutralization in HIV-1 (Modrow et al., 1987) and SIV (Overbaugh et al., 1991) . J. Breuer and others Genotypes I-III are defined in Fig. 3(a) and are composed of seven, six and three isolates respectively. MEGA (Kumar et aL, 1994) was used to generate a matrix of pairwise inter-isolate distances using the Kimura two-parameter model. The average (-) and range (solid lines) of inter-isolate phylogenetic distances, within and between genotypes, is shown.
Employing such methods, with respect to the neutralization-sensitivity of HIV-2c~22 (Schulz et al., 1990) , eight peptide domains were identified where the CBL22 glycoprotein sequence differed from those of neutralization-resistant HIV-2 strains. Any or all of these peptides could serve as targets for homotypic antibody, and of them four (329-358, 380-404, 628-659, 747-764) are contained within large domains shown to be highly immunogenic for HIV-2sT glycoprotein, whilst the remainder map to domains which are weakly immunogenic (Huang et al., 1991) . Using smaller peptides derived from the glycoprotein sequences of HIV-2•o D (de Wolf et al., 1991 ; Jones et al., 1992) and HIV-2sBL6669 to screen HIV-2 positive human sera by Pepscan, strong reactivity was recorded for peptides corresponding to 329-358 (the V3 domain) and 512-528 (the carboxy terminus of gpl20). For peptides overlapping the six other domains identified in our study, weaker reactivities were recorded, but all were positive. Interestingly, whilst reactivity to peptides spanning region 628-659 (the glycosylated domain of gp41) was weak, reactivity to peptides either side of it were strong . This may indicate that one of the roles of the conserved glycosylation on gp41 (Fig. 1) is to protect an important functional domain from immune selection. This may apply to peptide 217-234, which also contains a highly conserved glycosylation site and generally shows little variation (Fig. 1) . The immunogenicity of a peptide within a protein is dependent on a number of factors, but primarily it must be expressed on the protein surface. Hydropathy plots of the glycoproteins of HIV-I~ and the five HIV-2 strains used to generate Fig. 2 indicated the eight peptides to have similar traces across all six proteins (data not shown). All have positive indices, indicating hydrophilicity and therefore probable surface expression, with peptides 170-193, 512-528 and 747-764 being the most hydrophilic. Of these three, only peptide 512-528 is highly immunogenic (de Wolf et al., 1991 ; Norrby et al., 1991) and similar peptides are able to induce strainspecific neutralizing antibodies (Bjorling et al., 1991) . Peptide 329-358 maps to the HIV-2 V3 loop which by virtue of high immunogenicity, together with studies of its genetic variability (Boeri et al., 1992) identifies this domain as a potential target for neutralizing antibody, an observation supported by independent reports (Bottiger et al., 1990; Bjorling et al., 1991 Bjorling et al., , 1994 . However, analyses performed in the present study to determine which epitopes on HIV-2cBL2 ~ glycoprotein might be recognized by neutralizing antibodies present in HIV-1 positive human sera (Schulz et al., 1990) did not select the V3 domain, a result which agrees with other studies (Robert-Guroff et al., 1992) . With regard to the potential geographical clustering of HIV-2 strains in relation to the V3 loop, as has been demonstrated for HIV-1 based on V3 peptide sequences (LaRosa et al., 1990) and reactivity with different sera from around the world (Cheingsong-Popov et al., 1992) , the sequences presented in Fig. 1 (residues 317-352) show no significant differences for viruses originating from The Gambia and Guinea Bissau.
Of the remaining five peptide regions, identified as potential targets for heterotypic neutralization (i.e. serum derived from HIV-1 positive individuals which neutralizes HIV-2cBLz2; Fig. 2 ), three are located in gp120 and two in gp41.
Peptide 170-193 maps to the V2 domain which for SIV (Kent et al., 1992) and HIV-1 (Fung et al., 1992; McKeating et al., 1993) contains neutralization-sensitive epitopes. In the case of HIV-1, neutralization through this domain is not strain specific and the CBL22 peptide Fig. 3 . Phylogenetic relationships of env-genes of HIV-2 and SIV isolates. (a) Isolates for which fulMength env gene sequence information was available are included. The tree is based on 1965 nucleotides for each of 32 sequences and is of highest likelihood found. The country from which the HIV-2 isolates were sampled are indicated by the suffixed codes as follows: CV, Cape Verde; GA, The Gambia; GB, Guinea Bissau; GH, Ghana; MA, Malt; SG, Senegal; IC, Ivory Coast. (b) Analysis was performed for a gp41-encoding segment. The tree is based on 453 nucleotides (Gao et al., 1992) for each of 30 sequences and is of highest likelihood found. SIVAG • sequences were included to root the trees and branch lengths are proportional to phylogenetic distance. Those sequences generated in this report are indicated in bold type. The three proposed genotypes are shown in the shaded boxes.
is more likely to be conformationally similar to HIV-1 peptides than are those derived from neutralizationresistant HIV-2s. This supports the proposal of it being a domain sensitive to neutralization by heterotypic antibodies, despite the low antigenicity of such peptides derived from HIV-2 (de Wolf et al., 1991) and HIV-1 (Neurath et al., 1990) . Peptide 380-404 maps to the amino terminus of the C3 domain, but similar HIV-2-derived peptides have low antigenicity (de Wolf et al., 1991; Norrby et al., 1991) and immunogenicity and do not induce neutralizing antibody (Bjorling et al., 1991) .
Peptide 432-470 aligns with the main CD4 receptor binding domain of HIV-1 gpl20, to which antibodies that neutralize a range of HIV-1 isolates have been mapped (Steimer et al., 1991; Tilley et al., 1991) . Such antibodies generally recognise conformation-dependent epitopes that can be affected by amino acid substitutions throughout gpl20 (McKeating et al., 1992) . These conformation-determining amino acids appear to be conserved between HIV-1 and -2 glycoprotein sequences aligned here with the exception of K421 (K438 in peptide 432-470; Fig. 2 ) which amongst the HIV-2 sequences is conserved only in CBL22 and ROD. It is possible that this amino acid is necessary but not sufficient for neutralization of HIV-2 by antibodies directed to the HIV-1 CD4 binding site.
Peptide 628-659 maps to the glycosylated domain of gp41 and in the context of a non-glycosylated peptide is able to induce neutralizing antibodies in guinea-pigs (Bjorling et al., 1991) . The position and local environment of a glycosylation sequon (N-X-S/T) in a protein can affect the degree of occupancy and processing of any carbohydrate added (Opdenakker et al., 1993) . In this context, the CBL22 peptide had a number of amino acid substitutions compared with the other HIV-2 sequences aligned, the most significant possibly being that at residue 634 E/D---, R. Such substitutions may result in altered glycosylation across this domain in CBL22, compared to other HIV-2 sequences, such that it (or flanking regions) may be more accessible to neutralizing antibodies.
Peptide 747-764 aligns with an epitope in the cytoplasmic domain of HIV-1 gp41 that is recognized by antisera which neutralize a broad range of HIV-1 isolates (Kennedy et aI., 1986 ). An HIV-2-derived peptide encompassing residues 747-755 of our peptide has been shown to induce neutralizing antibodies in guinea-pigs (Bjorling et al., 1991) and a poliovirus/HIV chimaera expressing the HIV-1 Kennedy domain has been used to generate HIV-1 neutralizing monoclonal antibodies (Vella et al., 1993) . Characterization of antibodies from the latter study showed the Kennedy domain of HIV-1LA I to contain two epitopes based on the minimal sequences IEEE and ERDRD, residues 753 756 and 759-763 respectively (Fig. 2) . Of the HIV-2 glycoprotein sequences aligned with those from HIV-1 only CBL22 contains 752G (Fig. 2) such that it alone may be recognized by antibodies directed to the amino-terminal portion of the HIV-1 Kennedy domain.
Increasingly, evidence suggests that many neutralization-sensitive epitopes within HIV-1 are dependent upon conformation of the gp 120 molecule (McKeating et al., 1992 (McKeating et al., , 1993 . However, identification of such epitopes in HIV-1 has been assisted by the use of monoclonal antibodies known to react with linear peptide sequences. The data presented here is relevant if a similar approach is to be applied to HIV-2. One or more of the eight domains identified by relating neutralization sensitivity of HIV-2 isolates to their glycoprotein sequences may be important for vaccine development.
Phylogenetic analyses
The ten new env gene sequences analysed here cluster phylogenetically with the HIV-2a subtype . The branching of the HIV-2 subtypes suggests that they entered humans as independent transmission events. Whether the HIV-2a and HIV-2b subtypes resulted from infections with either SIVA~ ~ or SIV~mA c related viruses is a matter for conjecture. African green monkeys sebaeus (Myers et al., 1992) , the natural hosts of some strains of SIVAG M viruses, and sooty mangabeys, the natural hosts of SIVsM/MAC viruses (Marx et al., 1991) , are found in the parts of West Africa in which HIV-2 is endemic.
The analysis of ten additional env gene sequences in the HIV-2a group has revealed phylogenetic clusters of sequences similar to those described for HIV-1 (Louwagie et al., 1993; Myers et al., 1993) . Three genotypes, designated I III, are defined irrespective of the region of the env gene sequences analysed (Fig. 3) . However, CAM4 switches from being an outlier to genotype II, CBL23 switches from genotype I to II and BEN splits off from genotype III when the full-length env gene tree (Fig. 3a) is compared to the gp41 based tree ( Fig. 3b ; Gao et al., 1992) .
These differences are most likely due to variation in the rates of evolution in different domains of the env gene. The gp41 fragment used to generate Fig. 3(b) is highly conserved. Using more of the env gene, whilst avoiding nucleotides encoding the glycoprotein variable domains which may be subject to immune selection, allows more phylogenetic detail to be gained. There were slight alterations in the branching patterns of the SIVs~M/pBS/H~ and the 2238env.B1/D205 sequences (Fig.  3b) compared to results presented by Gao et al. (1992) . This may reflect differences in the phylogenetic methods employed and/or differences in the sample sets analysed; for example, we have included UC1 in the HIV-2b subtype sequences and Gao et al. (1992) used SIVcp z and SIVMz~D to root their trees in addition to SIVA~M included in our dataset. In the current analyses, trees with the alternate branching order were seen to be of lower likelihood (results not shown), and we see no reason to prefer the alternate branching order. Phylogenetic analysis of other regions of the genome is essential to confirm these findings but it is likely, given the experience with HIV-1 genotypes, that the genotypes will remain relatively stable (Louwagie et al., 1993; Myers et al., 1993) .
The average phylogenetic intra-genotype distances (Fig. 4) are higher than those found for HIV-1 gag genes (Louwagie et al., 1993) . This may reflect either the greater variation of env genes as compared with gag genes and/or as more HIV-2a sequences are analysed, the genotypes identified here may further subdivide. As recorded for HIV-1 genotyping (McCutchan et al., 1992) , some geographical clustering of HIV-2 isolates was observed (Fig. 3) . However, mobility of infected individuals may broaden the geographical range of the genotypes as has been observed for HIV-I (Louwagie et al., 1993) . Analysis of current HIV-2 isolates will address this question.
CAM4, originating from Guinea Bissau, may represent the most ancient lineage of the HIV-2a subtype identified to date (Fig. 3 a) . Guinea Bissau has the highest prevalence of HIV-2 in West Africa with 8-20 % of the population testing positive (Poulsen et al., 1989; Wilkins et al., 1993) . The prevalence remains high amongst older age-groups (Poulsen et al., 1989; Wilkins et al., 1993) which together with the phylogenetic findings has led to speculation that the virus is not new to Guinea Bissau (Myers et al., 1993; Wilkins et al., 1993) . CAM4 may represent older, less evolved, forms of HIV-2 circulating in Guinea Bissau which would support this speculation.
The HIV-2 sequences analysed here have provided the basis for genotyping of HIV-2a subtype viruses. The geographical clustering of isolates within the genotypes underlines the probable significance of this analysis. The HIV-2cA~I 4 isolate, which was unassigned and marginally closer to SIV, may indicate the presence of less evolved, more SIV-like viruses which could be implicated in the epidemiology of HIV-2 in Guinea Bissau.
